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precise form disclosed, and modifications and variations are 11. The method of claim 9 wherein the core layer and the 

possible in light of the above teachings or may be acquired cladding layer are deposited by exposing a substrate to a 

from practice of the invention. The drawings and description reaction gas mixture including a silicon precursor, a germa- 

were chosen in order to explain the principles of the inven- nium precursor, a nitrogen source, and optionally including 

tion and its practical application. It is intended that the scope 5 a carrier gas, wherein the plasma is formed by two elec- 

of the invention be defined by the claims appended hereto, trodes driven by separate RF power supplies and a region of 

and their equivalents. the chamber that is grounded, and wherein the substrate is 

The invention claimed is: placed on one of the elecuxxles that is driven with a RF 

^1. A glass composition comprising: p^^gj. ^yppiy having a frequency less than 1 MHz, and the 

a germanium-silicon oxynitride having a Ge/(Si+Ge) 10 other electrode is driven with a RF power supply having a 

mole ratio of from about 0.25 to about 0.47 and an frequency greater than 1 MHz. 

N/(N+0) mole ratio of less than about 0.1. 12. A planar optical device comprising: 

2. The glass composition of claim 1, wherein the Ge/(Si+ ^ waveguide core and waveguide cladding, wherein at 
Ge) mole ratio is about 0.35 and the N/fN+O) mole ratio is . ° ^ - . f , ^„ .-^^ 

, ri^^ least one of the wavegiude core and the waveguide 

about 0.05. IS , . .... . r 

3. The glass composition of claim 2 exhibiting a refractive ^^^^^.^g, silica-germama-titama glass having a 
index of from about 1.48 to about 1.52 at 1550 nm, and Ge/(Si+Ge+ri) mole rauo of from about 0.08 to about 
having a coefficient of thermal expansion at room tempera- 0. 17 and a Ti/(Si+Ge+ri) mole ratio of less than about 
ture of from about 3xl0r^° C.~^ to about 4.4x10^° C'^ 0.08. 

4. The glass composition of claim 1 exhibiting a refractive 13. The planar optical device of claim 12, wherein the 
index of from about 1.48 to about 1.52 at 1550 nm, and planar optical device is an optical switch having liquid 
having a coefficient of thermal expansion at room tempera- crystal switches located at intersecting waveguides. 

ture of from about 3xl0^° C."^ to about 4.4x10^° C.~^ 14, The planar optical device of claim 13, wherein the 

5. A planar optical device comprising: planar optical device is a cross-connect optical switching 
a waveguide core and waveguide cladding, wherein at device. 

least one of the waveguide cote and the waveguide ^ 15. A method of forming a planar optical device on a 

cladding is a germanium-silicon oxynitride glass hav- silicon substrate, comprising: 

ing a Ge/(Si-^Ge) mole ratio of from about 0.25 to about depositing on a silicon substrate by plasma enhanced 

0.47 and an N/(N-K)) mole ratio of less than about 0.1. chemical vapor deposition a silica-germania-titania 

6. The planar optical device of claim 5, wjierein the cladding layer having a Ge/(Si-FGe-hTi) mole ratio of 
Ge/(Si-K}e) mole ratio is about 0.35 and (N/(N+0) mole ^ ^^^^ ^ ^ Ti/(Si+Ge+Ti) 

'^r-l^e'^^Sar optical device of claim 6. wherein the planar ^^^^ «f « ^^out 0.08; and 

optical device is an optical switch having liquid crystal depositing on the cladding layer by plasma enhanced 

switches located at intersecting waveguides. ^ chemical vapor deposition a silica-germania-titania 

8. The planar optical device of claim 7. wherein the planar 35 In core layer having Ge/CSi-KJe-l-Ti) mole ratio of from 
optical device is a cross-connect optical switching device. ^^u about 0.08 to about 0.17 and a Ti/(Si-Kje+Ti) mole ratio 

9. A method of forming a planar optical device on a silicon |^Af ^ ^ of from 0 to about 0.08, wherein the refractive index of 
substrate, wherein the device includes a waveguide b^ thej;pffle layer is higher than the refractive index of the 
a refractive index of firom about 1.48 to about 1.52 at 1550rN Q^ft -^^^a laver 

nm, and a coefficient of thermal expansion of from aboutut ciaaoing laye . 

3x10^° C to about 4 4xlOr*° C."\ comprising: wherein the device mcludes a waveguide^havmg a refrac- 

depositing on a silicon substrate by plasma enhanced Jve^f ^ex of from abouu3xlO-^^ C."^ to about 4.4x 

chemical vapor deposition a germanium-silicon oxide , .'^^f^'J^' . . , 

or oxynitride cladding layer having a Ge/(Si4<}e) mole S^^ss composiuon of claim 1 wherem the glass 

ratio of from about 0 25 to about 0.47 and an N/(NHhO) 45 composition consists essenually of oxides and mtndes of 

1 f n . u ^ n 1 Silica and germama. 

mole rauo of 0 to about 0.1, The planar optical device of claim 5, wherein the 

depositing on the cladding layer by plasma enhanced germanium-silicon-nitride glass consists essentially of 

chemical vapor deposition a germaniimi-silicon oxide oxides and nitrides of silica and gennania. 

or oxynitride core layer having a Ge/(Si-i<je) mole ratio ig. The planar optical device of claim 12, wherein the 

of from about 0.25 to about 0.47 and an N/(N-KD) mole 50 silica-germania-titania glass consists essentially of oxides of 

ratio of 0 to about 0.1, wherein the refractive index of silicon, germaniimi and titaniuiii. 

the core layer is higher than the refractive index of the 19. The planar optical device of claim 12 wherein the 

cladding layer. silica-germania-titania glass has a refractive index of from 

10. The method of claim 9 further comprising annealing about 1.48 to about 1.52 at 1550 nm and a coefficient of 
the cladding layer and the core layer to a temperature greater 55 thermal expansion at room temperature of from about 
than 1,000° C. in an oxidizing atmosphere, and cooling the 3x10"^° C.~^ to about 4.4x10^ Cr\ 

cladding layer and the core layer at a rate greater than 200° 

CThr to a temperature below the strain point of the glass. * ♦ * * * 



9. A method of forming a planar optical device on a silicon substrate, wherein the device 
includes a waveguide having a refractive index of from about 1.48 to about 1.52 at 1550 
nm, and a coefficient of thermal expansion of from about 3 x 10"^ °C to about 4.4 x 
10'^°C~\ comprising: 

depositing on a silicon substrate by plasma enhanced chemical vapor deposition a 
germanium-silicon oxide or oxynitride cladding layer having a Ge/(Si + Ge) mole ratio of 
from about 0.25 to about 0.47 and an N/(N + O) mole ratio of 0 to about 0. 1 ; 

depositing on the cladding layer by plasma enhanced chemical vapor deposition a 
germanium-silicon oxide or oxynitride core layer having a Ge/(Si + Ge) mole ratio of 
from about 0.25 to about 0.47 and an N/(N + O) mole ratio of 0 to about 0.1, wherein the 
refractive index of the core layer is higher than the refractive index of the cladding layer. 

10. The method of claim 9 fiirther comprising armealing the cladding layer and the core 
layer to a temperature greater than 1,000 ""C in an oxidizing atmosphere, and cooling the 
cladding layer and the core layer at a rate greater than 200 ""C/hr to a temperature below 
the strain point of the glass. 

11. The method of claim 9 wherein the core layer and the cladding layer are deposited by 
exposing a substrate to a reaction gas mixture including a silicon precursor, a germanium 
precursor, a nitrogen source, and optionally including a carrier gas, wherein the plasma is 
formed by two electrodes driven by separate RF power supplies and a 

region of the chamber that is grounded, and wherein the substrate is placed on one of the 
electrodes that is driven with a RF power supply having a frequency less than 1 MHz, 
and the other electrode is driven with a RF power supply having a frequency greater than 
1 MHz. 

14. A planar optical device comprising: 

a waveguide core and waveguide cladding, wherein at least one of the waveguide 
core and the waveguide cladding is a silica-germania-titania glass having a Ge/(Si + Ge + 



Ti) mole ratio of from about 0.08 to about 0.17 and a Ti/(Si + Ge + Ti) mole ratio of less 
than about 0.08. 

15. The planar optical device of claim 14, wherein the planar optical device is an optical 
switch having liquid crystal switches located at intersecting waveguides. 

16. The planar optical device of claim 15, wherein the planar optical device is a cross- 
connect optical switching device. 

17. A method of forming a planar optical device on a silicon substrate, comprising: 

depositing on a silicon substrate by plasma enhanced chemical vapor deposition a 
silica-germania-titania cladding layer having a Ge/(Si + Ge + Ti) mole ratio of from 
about 0.08 to about 0.17 and a Ti/(Si + Ge + Ti) mole ratio of 0 to about 0.08; and 

depositing on the cladding layer by plasma enhanced chemical vapor deposition a 
silica-germania-titania core layer having a Ge/(Si + Ge + Ti) mole ratio of from about 
0.08 to about 0.17 and a Ti/(Si + Ge + Ti) mole ratio of from 0 to about 0.08, wherein the 
refractive index of the core layer is higher than the refractive index of the cladding layer, 

wherein the device includes a waveguide having a refractive index of from about 
1.48 to about 1.52 at 1550 nm and a coefficient of thermal expansion of from about 3 x 
10-^°C-* toabout4.4x 10''°C'V 

18. The glass composition of claim 1, wherein the glass composition consists essentially 
of oxides and nitrides of silica and germania. 

19. The planar optical device of claim 5, wherein the germanium-sihcon oxynitride glass 
consists essentially of oxides and nitrides of silica and germania. 

20. The planar optical device of claim 14 wherein the silica-germania-titania glass 
consists essentially of oxides of silicon, germanium and titanium. 
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